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We Fly What Others Only Imagine - Hugh L. Dryden 


Space Shuttle Approach 
and Landing Tests 


Criteria for Flight Research 


1. Fits the national research agenda 


2. Flight is the best (or only way) to obtain the relevant 
environment 
o Because research is sensitive to 
o Aerodynamic scaling or enthalpies that cannot be simulated on the ground 
o Properties of the natural atmosphere 
o Complexities that cannot be modeled 


3. Appropriate for the government when 
o Results will have broad value and applicable to a class of 
applications 
o Unbiased testing is of national benefit 
o Technical or programmatic risk is too high for industry 
o Only required for NASA mission 
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Flight research doesn’t merely come at the end of 
the project, it actually informs the direction of the 
research and manufacturing. — National Research Council 


Future Innovation Lies Between Disciplines 


Si gu Coad b le] mOxelalige) me) 
High Aspect Ratio Wings | 


y. e Interaction 


Boundary Layer Ingestion 
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Aeronautics Research Strategic Thrusts 


Vig oa 
fx X 


Safe, Efficient Growth in Global Operations 
Enable full NextGen and develop technologies to substantially 
reduce aircraft safety risks 


Innovation in Commercial Supersonic Aircraft 
Achieve a low-boom standard 


Ultra-Efficient Commercial Vehicles 
Pioneer technologies for big leaps in efficiency and . 
environmental performance 


Transition to Low-Carbon Propulsion 
Characterize drop-in alternative fuels and pioneer 
low-carbon propulsion technology 


Real-Time System-Wide Safety Assurance 
Develop an integrated prototype of a real-time safety 
monitoring and assurance system 


Assured Autonomy for Aviation Transformation 
Develop high impact aviation autonomy applications 


Aeronautics Mission Programs 


Airspace Operations 
and Safety Program 


MISSION PROGRAMS 


* Transition to Low Carbon Propulsion 


SEEDLING PROGRAM 
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Advanced Air Integrated Aviation 
Vehicles Program Systems Program 


Ultra-Efficient 
Commercial Vehicles 


Innovation in 
Commercial 
Supersonic Aircraft 


Transition to Low- 
Carbon Propulsion 


Assured Autonomy for 
Aviation Transformation 


Transformative 
Aeronautics 
Concepts Program 


Ce siteon 


High-risk, leap-frog SEEDLING PROGRAM 
ideas that support all 


six thrusts 


Critical cross-cutting 
tool development 


Aeronautics Mission Programs 


Advanced Air Vehicles 


Program (AAVP) Ultra-Efficient 
Commercial Vehicles 


MISSION PROGRAM 


. . : 
Innovation in aT 
Commercial | 
Supersonic Aircraft 


Transition to Low- 


Carbon Propulsion a 
Assured Autonomy | 
for Aviation _& 


— Transformation 


Advanced Air Transport Technology Research 


Goals Noise Emissions (LTO) Emissions (cruise) Energy Consumption 
Metrics (N+3) Stage 4 — 52 dB cum CAEP6 — 80% 2005 best — 80% 2005 best — 60% 
Goal-Driven . 

Advanced 


Concepts (N+3) 


sheet Research Theme 1 (2030): Lighter-Weight, Lower-Drag Fuselage < 


Research Theme 2 (2030): Higher Aspect Ratio Optimal Wing a 


Research Theme 3 (2030): Quieter Low-Speed Performance 


Research Theme 4 (2030): Cleaner, Compact, Higher BPR 
Propulsion 


==> Research Theme 5 (2030): Hybrid Gas-Electric Propulsion 


Research Theme 6 (2030): Unconventional Propulsion-Airframe 
Integration 


Research Theme 7 (2015): Alternative Fuel Emissions 
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Hybrid Electric Propulsion (HEP) Systems for Aviation 


Low Carbon Propulsion 


o NASA studies and industry 
roadmaps have identified 
hybrid electric propulsion 
systems as promising 
technologies that can help 
meet national environmental 
and energy efficiency goals for 
aviation 


Potential Benefits 


o Energy usage reduced by 
more than 60% 


o Harmful emissions reduced by 
more than 90% 


o Objectionable noise reduced 
by more than 65% 


Power Level for Electrical Propulsion System 


Spinoff Technologies Benefit More/All 
Electric Architectures: 

* High power density electric motors 
replacing hydraulic actuation 

+ Electrical component and transmission 
system weight reduction 


* electric distributed 
f 4 _ propulsion 300 PAX 


« Hybrid electric 737-150 
PAX 

¢ Turboelectric 737-150 
PAX 


* Hybrid electric 100 PAX regional 
* Turboelectric distributed propulsion 
150 PAX 


brid electric 50 PAX regional 
urboelectric distributed propulsion 100 
PAX regional 


* All electric and 
hybrid electric GA (Power level for single engine) 


What is needed? 


© Conceptual designs of aircraft and propulsion systems 


ce) 
ce) 
ie) 
0 


Higher power density generators and motors 
Flight-weight power system architectures and simulations 
Higher energy density energy storage systems (non-NASA) 


Extensive ground and flight testing - 


Hybrid Electric Propulsion (HEP) Systems for Aviation 


1-2 MW Class j 
is 2 


Weight: 32,250 lb Wingspan: 131ft 357 mph _ 60,000ft 


ADVANCED PROPULSION 


Hybrid Hopes 

Turbine-electric propulsion shows 

promise for keeping aviation's 

efficiency improvements going 

beyond 2030 

Graham Warwick Washington 

i there isa model for the application of hybrid electric pro- 
pulsion to aviation, it may not be the automotive sector's 
Toyota Prius. It may instead be the maritime industry, 

says Rolls-Royee, which is drawing on its experience power- 


ing aircraft carriers and cruise liners as it begins work on 
hybrid electric propulsion for airliners. 


—— A 


Propellers to 
Hypersonics 


Sept. 30, 2013 


driven conventionally by burning jet fuel to 
power the turbine, or electrically by batteries 
powering 4 motor on the fan shalt, or through 
some combination of both Co optimize energy us- 
age over the mission, 

Phase 2 study results were delivered to NASA in 
June, says Marty Bradley, Boeing technical fellow and 
Sugar principal investigator. They show that, while the 
conventionally paxwered Sugar High would burn 54% less 
fuel than a 787-800, NASA's goal of a 60% fuel-burn reduc- 
tlon could be achieved by Che Sugar Volt with 1,750-hp eleetrie 
motors driving the fans, 

This is what Boeing calls the “balanced” hybrid-electric 
aircraft, where the relatively small motors operate across the 
entire mission. A configuration with 7,160-hp electric motors 
was also studied. “Tt can do part of the cruise on fully electric 
power [eliminating emissions), but we have to upsize the 
airerafl to carry more batteries," he says. 

Because energy is now stored in both jet fuel 
and batteries, total energy usage and not just 
fuel burn becomes important. The Phase 
2 study shows the balanced Sugar 
Volt consumes 60% less fuel and 
54% less total energy, while the 
larger hybrid-eleetric air- 
craft burns 64% | 
but uses only 46% les 
energy than the base- 
line 787. 

“We increase 
the fuel-burn 
reduction, but 
now it is clear 
48 We are trad 


“a8 fuel, 


Wwe are cheating, 
ing off fuel energy for 
electrical stor age energy,” says Bradley, 
“As the airerafl is getting heavier, we are actually 
using more total energy—an indicator that perhaps we have 
gone a little too far" 

The study also looked at emissions and energy costs. The 
r High achieves a carbon dioxide (CO*) reduction of 
53.5% over its lifetime, including emissions from fuel refining, 
aircraft manufacturing, maintenance and end-of-life disposal 
“How green the hybrid is depends on how you are charging 
up the batteries,” says Bradley. 

Using the U.S. average grid, where electricity predomi- 
nantly comes from coal, lifetime CO* reduction for the bal- 
anced Sugar Volt is 43.6% “You are doing worse than the 
conventional aircraft,” he says. Using renewable wind energy 
to recharge the batteries gives a OO* reduction of 58.9%. 


SOLS FOYE 


“We are beginning to shift our focus to smaller classes 
— regional jets and turboprops.” — Nateri Madavan, NASA 


Fixed Wing Project Scientist 


E-Thrust is a superconduct- 
ing series-hybrid propulsion 
system in which a single 
gas turbine (in tail) charges 
a battery pack that electri- 
cally powers six distributed 
fans on the wings. 


Asa first step, NASA is on track to run a sub-seale fully 
superconducting motor in the 2017 timeframe, Madavan 
says, and the agency plans to test a bmegawatt-seale, Shp/ th, 
power-density non-eryogenic motor in the 2019 timeframe. 
The agency is working on superconducting materials and 
components, including eryo-coolers and wires using mag- 
nesium diboride, an inexpensive, flexible superconducting 
material with a relatively high critical temperature of 30K. 

In the U.K., Rolls-Royce has been working with Airbus 
Group Innovations and Cambridge, Cranfield and Manches- 
ter universities on a series of studies. These include the two- 
year Programmable Superconducting AC Machine (PSAM) 
demonstration, which concluded in December and fed into 
the two-year Distributed Electrical Aerospace Propulsion 
(DEAP) study, which will run to early 2016, Just beginning 
is the three-year, U.K_-funded Integrated Power and Propul- 
sion Architecture (IPPA) study, which also involves General 
Electric, United Technologies, Honeywell, Raytheon and 
Spirit AcroSystems. 

The £1 million ($1.6 million) DEAP project is focused on 
a 100-passenger, 2,000-nm-range, Mach 0.75-cruise 


concept sircraft with a superconducting 
propulsion system, called E-Thrust, 
in which a 


more of the fleet is. But as we look at hybrid electric, we are 
beginning to shift our fovus to smaller classes—reyional jets 


and turboprops,” says Nateri Madavan, NASA Fixed Wing 
project scientist. “We are beginning to get the sense Chat ear 
ly advances could happen in 20+, 50-, 80-passenger aircraft.” 

NASA‘ technology road map foresees 1-2-megawatt mo- 
tors being ready within 10 years to power a turbo-electric 
60-seater, 2-5 megawatts within 20 years for a 100-passenger 
regional sircraft and 6-10 megawatts within 90 years for a 
797-class 150-seater. The agency has plans to demonstrate 
both conventional non-eryogenic and cryogenic supercon- 
ducting motors and power electronics for both hybrid and 


single embed- 
ded gas (urbine 
generates elec 
tricity to drive six 


Inside eachelec- distributed fans. These are mounted so 
trically driven that, as well as producing thrust, they 
fan, supercon- ingest the boundary layer over the in- 
ducting “pucks” board wing and fuselage to reduce drag. 
(middle module) PSAM involved work on the program- 
power the rotor mable superconducting motors that 
driving the fan. would drive the disteibuted fans. IPPA 


will look at the systems integration of 
electrical technology with the airframe. 
Asa follow-on to DEAP, the 10-year, €98 million ($180 
million) Propulsion Concepts (ProCon) project is being pro- 
posed under Europe's new Clean Sky 2 aeronautics research 
program. Partners are still being signed up for the antici- 
pated project, to be ked by Airbus, which would focus on fight 
testing distributed fans for drag reduction, not Uhrust, on a 
100-seat aircraft. ProCon came out of B-Thrust, Daffy says 
as a way of conducting a project in the short term that would 
provide the needed adrenaline to mature the technology. 
Under ProCon, an existing aircraft would be modifled with 
electrically driven auxiliary fans mounted around the fuse- 
lage or tail to auck down the boundary layer and reenergize 


AirVolt Single String Propulsor System 


PROPULSION 


Graham Warwick Washington 


lectric progruision is already here, 
E:. on a amall scale, and mow 
NASA is looking ahead to the 
technology that would be required to 
power a regiunad airewadt in 10-20 years 
or-8 marrow body alriner In 80-40 years, 

But the agency intends to start 
small, with tests to finst understand, 
then model the behwvior and effiency 
of electric propulsion system compo- 
hetta. These vill Ged ito ground, ane 
potentially dight, tests of a distrii 
uted! peopulkion system that would 
be closely integrated with the ale 
frome. 

NASA has laid out a technol 
ogy voud map that would enable 
1-2-megawatt electric propul- 
sium for « S0-seat regional in 10 
years, 2-5 megawatts for a 1O0- 
seat aircraft in 20 years, and 5-10 
megawatts for Boeing T7-clase 
airliners in 30 years. Punding le 
scarce, however, 40 development 
is starting at the kilowatt level, but 
this eould spin off to the general 
aviation indi enabling new 
concepte in fight aircraft, 

The critical design review has 
just been completed for an elec 
trie propulsion test stand, says 

ver Ginn, Aevonwutics Mission 


New Directions for Eco-Airtiners 


hac 


Slient Eagle Down 
F-35 Back in Korea 


Going Electric 


NASA Dryden is building testbeds to advance 
understanding of electric propulsion for aircraft 


NASA flight systems engineer. The 
eingle-string stand will be capable of 
producing up to 500 th of Leust from 
a Of fie. peopeller: Initial texts will in- 
volve a 40-ow power train. “We will be 
able to Isolate « given compowent. ant 
te validate its efficiency before we put 
into a stack of propulsors,” he says 
As a next step, NASA Dryden bes 
averted a contract to Rmpleical Sys 
teme Aeroapace to build the Hybrid 


NASA's AlrVolt test stand will mea- 
sure the efficiency of individual elec~ 
tric propulsion system components. 


Rlectric Integrated System Testbed 
(Heist). This will be an B0-ow ground 
teat bench for turbo-electric distrib- 
uted propulsion, with a fight-like 
architecture sized for eventual tight 
teating—by modifying Dryten’s TG-14 
motor glider or designing and building 
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a deicnted testbed aircraft. “The nice 
thing about electric propulsion ix you 
are not stuck with tseditional abecratt 
designs,” notes Ginn, 

Heist, which recently began, i 
1S month program and hardware 
shoukd be entering test In a year, says 
Clarke. The test beach is planned to 
haven turbo-genersiar, AC/DC vonvert- 
macery apse, electrunic controller 
and a DC bas dletributing power to 8 oe 
12 44-10. thected fans, each with Ra oan 
electric motor and speed controller. 
“Whether it is just a stand! to test. power 
trenagemient. and distiibvution or ts lete- 
grated into an airfrume-like structure* 
is under discussion, sags Genn. 

Tn addition to the reab-time munage- 
iment of generator louiing, battery cw 
pacity and power demuned, Hele will ab 
low study of disteibuted-peugrlebon 
algorithms that. s hesive indi- 
vidual peopulkor commands hased 
on total aystem thinast targets set 
by the pilot. “We will atudy how 
to schedule loads on the genera- 
tov, and charging and discharging 
of the batteries in different Might 
modes,” nage Clarke. 

DC bus atahility is an ineue as 
power levels are scaled up, becuuse 
the magnetic Inertia of large mo- 
tors induces electromotive force 
foalied back-EMP) on the bus, This 
can lead to motor runsways. Heist 
will allow the ixsue to he assessed 
00 9 power acale compatiile with 
o fight vehicle, be aays 

NASA plans to increase its re- 
seurch into distributed electric 
propulsion over tbe next couple of 
years, hemonaleating » kilowatt- 
clas architecture asa step toward 
the megauutt power levels needed 
for commercial aircraft. So Ger foe 
Deyden, “it’s not an increase in 
resourves, but a shift, because it's 
strutegic for us to get into hybrid 
electric,” says (inn 

‘The ultimate gow! on NASAX 
toad map is 1-megewatt-plus 
hybrid-electric propulsion for a 
S00-seat alrtiner, which could be 40 
or more years away, “We recognine a 
great deal of technology development 
is needed [to get there] But there is an 
opportunity te begin gathering data to- 
day.” she adds. “What we are ctarting 
to work on can be acaled up bo lager 
nireralt. A low-cost kilowatt-class pro- 
totype can exercise in a flight environ 
ment technology that. is sealable to 25 
Inegawatta,” @ 


Plug-and-Play Electric Propulsion Kit 


ce] 


ce) 


Pipistrel Electro- Taurus Motor 


40 kW Peak, 53 hp 
30 kW continuous 


240 VDC 


Measurements 
500 lIbf thrust 
500 ft*lbs torque 
0-40,000 RPM 
500 Amps 


Acoustic signature 


AirVolt Single String Propulsor System 


Collect high-fidelity, high-bandwidth ground-based 
test data of motor, motor controller, battery system 
efficiencies, thermal dynamics and acoustics, 
independent of manufacturers 

V&V of components and system interfaces 
Evaluation of low TRL components 


Model single system before transitioning to 
multiple motors 


Gain knowledge in test methodologies, processes, 
and lessons learned 


Armstrong Flight Research Center 


lronbird — HEIST Hybrid Electric Integrated System Testbed 


Integration and Performance Challenges are Studied so Larger, 
More Advanced Electric Propulsion System Testbeds Can Be Designed 


o Study system complexities of 2 
power sources 


o COTS and low TRL components 


Laid out in the actual configuration of 
the aircraft, using real line lengths 


o Discover incompatibilities 
o Validate vital aircraft system 


o Effects of failure and subsequent 
treatment 


o Electric switch w/variable 
interruptions, times are studied to 
assess their impact on the 
computers and components 
EMI effects 


© lronbird is controlled from a flight 
simulator 


Armstrong Flight Research Center 


lronbird — HEIST Hybrid Electric Integrated System Testbed 


Power Management and Distribution Research 


o Embedded Flight Control Computer will Host 


o Distributed Propulsion Electronic Controller: Translate thrust 
targets with simulated pilot inputs into individual thrust commands for 
each of the propulsors, controlling roll and yaw 


o Power Management Algorithm: Manage the loading of the power 
generator, the real-time capacity of the energy storage buffer (e.g., 
battery system) and the power demand of the collection of propulsors 


o Peek Seeking Control: Use real-time measurements and quickly 
adapt to environmental changes, to reduce drag, increase 
performance and energy savings 


Armstrong Flight Research Center 


HEIST Modular Architecture to Allow for Multiple Configurations 
(TeDP/Hybrid/All-electric; serial; or parallel buses) 


PMAD PHASE | IRONBIRD ELECTRIC 
Sc en ae aly eR PROPULSION ARCHITECTURE 
! 
400-480 VAC 760 VDC roa 480 Vi a eee 
' 3o 1 36 12kW 
1 -— H 22? VAC( )) 
| TURBINE GENERATOR  AC-DCCONVERTER DC-ACCONVERTER! — AC-DC CONVERTER 3 LY 
H : SPEED CONTROLLER JOBY MOTOR 
H 280-340 VDC _ 1 12 kW 
' ’ 2? VAC fy) 
i Or 
1 STARTER BATTERY l DC-DC CONVERTER ' 3p YL 
: { SPEED CONTROLLER JOBY MOTOR 
i CAPSTONE TURBOGENERATOR oo J 12 kW 
Ac ) 3 
DATA CANBus ANB 36 WY Number of 
APALUCIIA | SYSTEM CONTROL See da aa lldacco Sern y motor / propeller 
he 36 LY A 
le SPEED CONTROLLER JOBY MOTOR ; 
o Two redundant power sources to balance 12kW 
power regeneration and load shedding — i 
o Verify any failure in one path will not cause Tae ee pecan oe ee 
an overload on the alternate path mn) = 
se Each path capable of handling entire power load SPEED CONTROLLER JOBY MOTOR wel 
bl ese ™, 
| o Using distributed electric propulsion for PRIMARY PROPULSION SYSTEM BUS 


flight control by nature are dynamic, with 
+ a lots of moves, adds and changes going on all the time 


Aeronautics Mission Programs 


Airspace Operations 
and Safety Program 


MISSION PROGRAMS 


* Transition to Low Carbon Propulsion 


SEEDLING PROGRAM 
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Advanced Air Integrated Aviation 
Vehicles Program Systems Program 


Ultra-Efficient 
Commercial Vehicles 


Innovation in 
Commercial 
Supersonic Aircraft 


Transition to Low- 
Carbon Propulsion 


Assured Autonomy for 
Aviation Transformation 


Transformative 
Aeronautics 
Concepts Program 


NARI Team 


High-risk, leap-frog SEEDLING PROGRAM 
ideas that support all 


six thrusts 


Critical cross-cutting 
tool development 


Aeronautics Mission Programs 


National Aeronautics 


Early-Stage Innovative 
Research Institute (NARI) 


and Novel Concepts to 
Revolutionize the 
Future of Aeronautics 


Armstrong Flight Research Center 


= LEAPTech 
Leading Edge Asynchronous Propeller Technology 


July 7, 2014 


is inefficient in cruise. LEAPTech re- at th al] condition at lower from batteri 


s to propell 


places the big wing with one that is from now, this will be upgr 
one-third the ‘or low Acrody d, with a Rolls 

three tim wing los r facility electric mote 
better ride quality, Cruise lift-to-< woul entire ged batteries. This 
ratio at 200 mph is greater t e. “And will be arranged so that both the gas 


able turbine and electric motor car 


sus lI for a compa 
NASA estimate 
achieve the required 61-kt. 


mall wing, LEAPTech 


und will be used to look 
r stability is 


speed with such 
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mounts an maining noise 
post-proves: 
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y 2016, NASA Armstrong 
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airflow over 
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namic pre ding edge and ESAero is the prime contractor 


= | = = more than doubling the maximum lift for Heist. Joby A 
rT os ri Tal "4 F: | fe) a coefficient (Cymax) at low speed. “In | the teat rig 
yutational fu have Combined, the 1 


ate 200 hp and the 
4,500 Ib. of lift. ESA 


as a long-term research 


ns to evaluate = 


tL coelichen nherent in pari 


kernot st architectures, charact 


Light aircraft are early targets for the efficiency 
and safety benefits touted for electric propulsion 


Graham Warwick Atlanta 


viation did not enter the Jet Age overnight, and a decades- Modifying the wing ona Technam 
long journey to the next propulsion paradigm may already PZO06T Nght twin would directly 
eI 2 propult ae ee ee compare distributed electric and 


be underway. At NASA, the exploration has begun with conventional propulsion. 
plans for ground and flight tests to determine whether hybrid 
and distributed electric propulsion could be the next disruptive 
shift in civil aviation 


le, with zero emiss 
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aviation f 
design, efliciency and power-Lo-weight 
ure independent of size 
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. crucially for aircraft 


personal air vehicles around olectrics 
d increasing autonor 


FACE TO FACE ELECTRIC PROPULSION | Boeing's Plas to Keep 
With Lockheed’s CEO The Next Disruptor? The 747-8 Ave 
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Armstrong Flight Research Center Team — NASA LaRC, AFRC, ARC, industry partners Joby Aviation and ESAero. 


| LEAPTech 


Leading Edge Asynchronous Propeller Technology 


Team — NASA LaRC, AFRC, ARC, industry partners Joby Aviation and ESAero. 


Armstrong Flight Research Center 


LEAPTech 


Leading Edge Asynchronous Propeller Technology 


Lessons to be Learned 


| o Battery weight and capacity versus HP and test time 
Mm =o Experience with motor/motor controller/BMS 
mM =o Hoping for a coefficient of lift of ~5 ~ 
s ~=6© Power loss and voltage spike due to line length 


o Propeller fatigue due to vortex shedding from neighbor La 
p™. propeller 


o What is the minimum set of data to achieve objectives 
o Aeroelastic frequency measurement 
© Qualitative acoustics 


o Characterize open loop control 
o Testing capability for future wing designs 


Aeronautics Mission Programs 


Airspace Operations 
and Safety Program 


MISSION PROGRAMS 


* Transition to Low Carbon Propulsion 


SEEDLING PROGRAM 


Armstrong Flight Research Center 


Advanced Air Integrated Aviation 
Vehicles Program Systems Program 


Ultra-Efficient 
Commercial Vehicles 


Innovation in 
Commercial 
Supersonic Aircraft 


Transition to Low- 
Carbon Propulsion 


Assured Autonomy for 
Aviation Transformation 


_——— 


Transformative 
Aeronautics 
Concepts Program 


NARI Team 


High-risk, leap-frog SEEDLING PROGRAM 
ideas that support all 


six thrusts 


Critical cross-cutting 
tool development 


Aeronautics Mission Programs 


= Transformative 
~~~ Aeronautics Concepts 
Program 


Convergent Aeronautics 
Solutions Project 


Armstrong Flight Research Center 


High-risk, leap-frog 
ideas that support all 
six thrusts 


Critical cross-cutting 
tool development 


Convergent Electric Propulsion Technologies Sub-Project 


Early Flight Evaluation Allows Timely Exposure to Benefits and Issues 


2017 Demonstrator 
o 400 empg/pax efficiency 


© 80% reduction in life cycle GHG 
emissions 


© 40% reduction in total operating cost 


o 25 dB reduction in community noise 


Distributed Electric Propulsion Integration Approach 


~f © Tight aero-propulsion coupling increases effective C_,,,, from | 
| 1.8 to ~5.0 


© Wing loading is increased from 17 Ib/ft? to ~50 Ib/ft?, with the 
same stall speed and field length performance capability 


© Electric motors don’ t experience power lapse with altitude 
o Inner span propellers can be stopped and folded back at cruise 


Ne) oo This permits the inner propellers to be optimized for ultra low 
_| noise at takeofflanding, without cruise penalty 


Convergent Electric Propulsion Technologies Sub-Project 


Critical Cross-Cutting Tool Development om 


© Tool validation 

; o Conceptual design process 
MDAO optimization capability 
Acoustic benefits 

Aeroelastic effects 


Use challenge problems to 
focus development and 
demonstrate capabilities 


oo 0 0 


o Propulsion effects are largely 
»~ ignored during aerodynamic 
Yd modeling, which greatly limits 
| investigation of tightly coupled 
aero/propulsion technologies 
o Develop a rapid, medium-fidelity 
aerodynamic analysis of 
distributed propulsion interaction 
with lifting surfaces suitable for 
parametric analysis 


Spiral Develooment 


From kW to MW at lower costs 


kW System Understanding 

Tool validation 

System complexities 

Weight restrictions 

Volume restrictions 

Heat restrictions 

Dynamic aero loading 

Battery requirements for flight profiles 

Environmental effects; cold, hot, gust, airflow variables on inlets 


00006COlUCOOWUCOWUUCWCO 


DEP crossflow characterization and aero/propulsion interaction for stall 
margins and cruise 


o EMI concerns 
o Pilot input to fly-by-wire propulsion control 
o Emergency recover 


Armstrong Flight Research Center 


27 


Armstrong Electric Propulsion Roadmap 


FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 


1-2 MW Flight Project 
Capturing 
Complexities of 
Hybrid 
Architectures 


Adv Air Transport Tech PMAD Research & Integrated Systems IronBird 


Spiral Development 


Convergent | % for MW scale 
Aeronautics Solutions ~2500Ib 7 : 
Risk Reduction for 
lll / kW airplane 
\ A 
Team Seedling Risk Reduction Testing for Airplane , 


7 


Small Business Initiative Research 


Turbo-Generator 


ePHM 


HEIST 


Boundary 
Layer Ingestion 


Efficiency 


A/C Conversion 


Study ail 


SBIR/METIS/Phase II 
Lightweight turbine generator (40 kW) 


SBIR/ESAero/GA/Phase II 


Fault tree and failure mode, effects 
and criticality analysis 


SBIR/ESAero/Phase III 


lronBird instrumentation and data 
acquisition 


LEARN/RHRC/Phase II 


Characterize propulsion airframe 
interaction using closely spaced 
ducted electric motors 


STTR/RHRC/Phase II 


Modular flight testbed for studying 
various hybrid architectures 


OMNig 


(The purpose of flight research) is to separate the real 
from the imagined problems and to make known the 


overlooked and the unexpected. 
— Hugh L. Dryden 


Questions? 


Quotes 


o The first thing we want to do is test the technology in small aircraft. 
In long term the drive system will also be used in large-scale 


aircraft. “It may be small but it’s a start on the road to the VoltAir.” — 
EADS (Cri-Cri), 2011 25 years to Transport 


_ © The packaging of old ideas using new technologies. The question is 7 
how to enable this creative wackiness to thrive within an industry ~ 
that is increasingly averse to risk, and with a customer base that is | 
increasingly unwilling to fund R&D that does not promise to deliver 
near term capabilities. — Avweek, October 2012 


_ ~~ © “Real Scientists” steered clear of such low-payoff frontiers, 
preferring to focus on research that could yield useful technologies 

and solve well-defined problems in the near-term. However, play 

it safe research aimed at achieving technology evolution rarely be 


— leads to revolutionary break-throughs. — Frontiers of Propulsion Science 
(Rutan), 2009 


